Purpose: Head-to-head comparison of the blood pressure (BP) lowering effect of fimasartan versus valsartan, with olmesartan as a reference, on office blood pressure and ambulatory BP. Patients and Methods: Of the 369 randomly assigned patients in this study, 365 hypertensive patients were referred as the full analysis set and divided into 3 groups with a 3:3:1 ratio (fimasartan group: 155, valsartan group: 157, olmesartan group: 53). After the 2-week single-blind placebo run-in period, initial standard doses of 60-mg fimasartan, 80-mg valsartan, and 10-mg olmesartan were administered for 2 weeks, then forcibly up-titrated higher doses (fimasartan 120 mg, valsartan 160 mg, olmesartan 20 mg) were given for 4 weeks. ABP was measured before and after the 6-week treatment. Primary endpoint was reduction of sitting office systolic BP (SiSBP) of fimasartan compared to valsartan after 6 weeks. Secondary endpoints were reduction of sitting office diastolic BP (SiDBP) and 24 hrs, daytime, and night-time mean systolic and diastolic ABP (ASBP, ADBP) after 6 weeks. Results: Patients' mean age was 58.34±7.68 years, and 289 patients were male (79.18%). After the 6-week treatment, SiSBP reduction of fimasartan and valsartan were −16.26±15.07 and −12.81±13.87 (p=0.0298) and SiDBP were −7.63±9.67 and −5.14±8.52 (p=0.0211). Reductions in 24 hrs mean ASBP were −15.22±13.33 and −9.45±12.37 (p=0.0009), and ADBPs were −8.74±7.55 and −5.98±7.85 (p=0.0140). Reductions of night-time ASBPs were −16.80±15.81 and −10.32±14.88 (p=0.0012), and those of night-time ADBPs were −8.89 ±9.93 and −5.55±9.70 (p=0.0152). Reduction of BP in olmesartan group did not demonstrate significant difference with fimasartan group in all end-points. Conclusion: Fimasartan 120-mg treatment demonstrated superior efficacy in reduction of SiSBP, SiDBP, and 24 hrs ASBP and ADBP compared to valsartan 160 mg. Reduction of night-time ASBP from baseline was largest in fimasartan group, suggesting that fimasartan may be effective for recovering dipping pattern. NCT number: NCT02495324 (Fimasartan Achieving SBP Target (FAST) study).
Introduction
New guidelines from both American 1 and European 2 society of hypertension emphasized strict blood pressure (BP) control, wherein the American guideline even lowered diagnostic and target office BP level to 130/80 mmHg, and the importance of out-of-office BP measurement in the management of hypertensive patients. Since the first angiotensin II receptor blocker (ARB) losartan was approved to be used for the treatment of hypertension nearly two decades ago, 3, 4 ARBs have been the major medical treatment of choice for hypertension in the latest guidelines. 1, 2 In 2019, nine ARBs are available for the treatment of hypertension in Korea, which puts physicians into a dilemma of selecting the best ARB for the patients. The major selection criterion for the antihypertensive drug is its efficacy in lowering BP, and there are several reports that compared the efficacy among ARBs in treating essential hypertension, [5] [6] [7] but fimasartan was not included in most of the analyses.
Fimasartan was launched in 2011 in Korea; its safety and efficacy in lowering BP have been well established in Korean [8] [9] [10] [11] [12] and Mexican populations. 13 Given that fimasartan is the ninth ARB that is available in the market, comparative studies with other ARBs, which were developed prior to fimasartan, are not sufficient. Previously, the efficacy of fimasartan was compared with losartan, 8 valsartan, 10 and candesartan. 11 In comparison with losartan 50/100 mg, fimasartan 60/120 mg demonstrated a noninferior BP-lowering effect, especially in sitting office diastolic BP (SiDBP), after 12 weeks of treatment, 8 and fimasartan 60 mg demonstrated superior sitting office systolic BP (SiSBP) lowering effect compared to candesartan 8 mg after 12 weeks of treatment. 11 In a previous study comparing fimasartan 30 mg with valsartan 80 mg, fimasartan also demonstrated superior BP-lowering effect than valsartan, and changes in SiSBP and SiDBP were significant after 4 weeks of treatment, with the difference maintained even after 8 weeks. 10 There are some ambulatory BP (ABP) data on the efficacy of fimasartan; 9,12 one parallel-group study compared fimasartan 60 mg, fimasartan 120 mg, and valsartan 80 mg in 1:1:1 manner and another study compared fimasartan 30 mg and valsartan 80 mg. Both studies could not demonstrate the superiority of fimasartan over valsartan in lowering BP because of the relatively small number of patients and the fact that the standard dose (80 mg) of valsartan was being compared with the reduced dose (30 mg) of fimasartan, 12 showing the absence of head-to-head comparison. 9 Therefore, studies evaluating the BP-lowering effect of fimasartan compared to other ARBs are needed.
In this study, we aimed to evaluate the lowering effect of fimasartan by comparing the sitting office BP-and ABP-lowering effect between fimasartan 120 mg and valsartan 160 mg among patients with mild-to-moderate essential hypertension through a head-to-head comparison. Olmesartan 20 mg was used as reference.
Methods

BP Measurements
Sitting office BPs were measured after resting for 5 mins on a backrest chair, and measurements were taken three times with a 1-2 mins interval; the mean SiSBP and SiDBP were calculated. At the screening visit, brachial artery BP of both arms were measured. The higher BP measurement obtained was used during randomization and following visits using a semi-automated sphygmomanometer [HEM-7080IT, Omron Corporation, Kyoto, Japan]. Every center used the same ABP monitoring (ABPM) device (TM-2403, A&D Company Ltd, Tokyo, Japan) and protocol. Twenty-four hours ABPM was recorded every 15 mins from 7:00 AM to 10:59 PM (day-time) and every 30 mins from 11:00 PM to 6:59 AM the next day (night-time). BP recordings were accepted only if they spanned the full 24 hrs or at least 20 hrs.
Study Populations
Patients aged between 19 and 70 years with mild-tomoderate essential hypertension from 8 university hospitals in Korea were enrolled. All enrolled patients provided written informed consent prior to study participation. Patients with SiSBP ≥ 140 mmHg were included in the study. The exclusion criteria for the study followed that of the previous fimasartan ABPM study. 12 Patients were excluded if they met any of the following exclusion criteria: (1) SiSBP ≥ 180 mmHg or SiDBP ≥ 110 mmHg at the screening, baseline, and randomization visits; (2) a difference in SiSBP ≥ 20 mmHg and a difference in SiDBP ≥ 10 mmHg between measurements in the same arm at the screening visit; (3) history of and physical or laboratory findings suggestive of secondary hypertension; (4) symptomatic orthostatic hypotension; (5) uncontrolled or severe insulin-dependent diabetes mellitus patients (HbA1c > 9%); (6) ischemic heart disease or peripheral arterial disease patients who underwent percutaneous transcatheter intervention, symptomatic (New York Heart Association symptom class III or IV) 
Study Design
This study was a randomized, double blind, active control, 3-parallel group, multicenter clinical trial designed to evaluate the superiority of high-dose fimasartan (120 mg) compared to valsartan (160 mg) monotherapy in terms of efficacy and safety. Medical history taking, blood examinations, blood chemistry, 12-lead electrocardiography (ECG), and chest radiography were performed at the screening visit to evaluate the suitability of the patients (Visit 1). The patients who met the inclusion criteria went through a 2-week placebo run-in period. In those who were on medical therapy for hypertension, previous medications were discontinued, and the placebo was administered. At the baseline visit (Visit 2) after the placebo run-in period, the patients who met the exclusion criteria were not included in the analysis, and 24 hrs ABP of the finally included patients were measured. After the ABP measurement (Visit 3), patients were randomly assigned to three groups in a 3:3:1 ratio (3:3:1 = patients administered fimasartan as the treatment group: those administered valsartan as the control group: those administered olmesartan as the reference group). Each group was administered an initial standard-dose of fimasartan 60 mg, valsartan 80 mg, and olmesartan 10 mg, respectively (from Visit 3), for 2 weeks, and then up-titrated to higher doses of fimasartan 120 mg, valsartan 160 mg, and olmesartan 20 mg, respectively (from Visit 4) for 4 weeks. Final ABPs were measured after a total of 6 weeks of treatment period (Visit 5), and final sitting office BP were measured (Visit 6) after completing the final ABP measurement ( Figure 1 ).
We used the stratified block randomization method, which stratified the patients into investigational sites in a double-blind study. An independent statistician generated the random assignment numbers using SAS ® Version 9.4 (SAS institute, Cary, NC, USA). The placebo run-in period was single blinded, whereas the randomized treatment period was double-blinded.
Efficacy and Safety Evaluation
The primary efficacy was evaluated by the changes in SiSBP from baseline to end of the 6-week-treatment period. The changes in SiSBP and SiDBP after 2 weeks of lower-dose (initial standard dose) treatment and 4 weeks of up-titrated higher-dose treatment were analyzed for the secondary efficacy evaluation. From the ABP parameters, the changes in mean 24 hrs, day-time, and night-time ambulatory systolic BP (ASBP) and diastolic BP (ADBP) were evaluated as secondary efficacy endpoints.
For the safety evaluation, treatment-exposure adverse events (TEAEs), including overall summary and display of adverse events (AEs), fatal and serious AEs, as well as other significant AEs, and clinical laboratory evaluations (i.e. hematology, serum biochemistry, and urinary) were summarized in the safety group. For the other safety analysis, vital signs taking, 12-lead ECG, and physical examinations were performed.
Sample Size Determination
To demonstrate the superiority of fimasartan over the control drug valsartan in terms of the SiSBP-lowering effect in patients with essential hypertension, this study used the following statistical hypothesis. Change from the baseline at week 6 = week 6baseline To calculate the number of subjects in this study, we referred to the clinical SiSBP drop results (−17.84 ± 12.52 mmHg) in the previous study. 8 For the subject numbers of valsartan, the weighted mean (−13.60 mmHg) and pooled SD (12.54 mmHg) from the references 8,14 that presented clinical SiSBP-lowering effects were used. Based on the abovementioned data, the differences in the clinical SiSBP-lowering effect between fimasartan and valsartan were set at 4.24 mmHg, the standard deviation of the difference among groups was assumed to be 12.54 mmHg, and the number of test subjects was calculated using the following formula:
The number of subjects at the significance level of 5% (two sided) and a statistical power of 80% was calculated to be 138 per group, and 154 patients were required per group when considering a 10% dropout rate. In this study, olmesartan was considered as a reference group in addition to the treatment group (fimasartan) and control group (valsartan); thus, 360 people were needed by setting the allocation ratio to 3:3:1 (154 patients for fimasartan, 154 patients for valsartan, and 52 patients for olmesartan).
Statistical Analysis
For the demographic data, descriptive statistics (number of subjects, mean, standard deviation) are presented for continuous variables, and categorical variables are presented as the frequency (N) and percentage (%). Analysis of variance (ANOVA) or Kruskal-Wallis test was used to identify differences in the continuous variables among the groups. Chi-squared test or Fisher's exact test was used to analyze the categorical variables. This study followed the intention-to-treat principle, and the data obtained from the subjects were largely divided into the safety set, the full analysis set (FAS), and the per-protocol set (PPS). The primary analysis set for efficacy evaluation was the FAS, but the analysis was also performed for the PPS. The result of safety evaluation was presented for the safety set. For the efficacy variables, descriptive statistics are presented for each visit. Changes from baseline were assessed using the paired t-test or Wilcoxon signed-rank test. For the primary efficacy analysis, the descriptive statistics are presented for the SiSBP results of each visit (baseline, 6 weeks) and changes from the baseline within group, and the paired t-test or Wilcoxon signed-rank test were performed to analyze the changes within each group. An analysis of covariance (ANCOVA) with baseline values as covariates and treatment groups as factors was used to test whether difference among treatment groups was significant. For the differences among the groups, covariance analysis was performed, with the treatment group as a factor and baseline SiSBP as a covariate. Then, least squares mean and standard error are presented for each treatment group. Least squares (LS) mean for difference, the p-value, and 95% confidence interval for the control and test groups are presented.
For the secondary efficacy analysis, the changes in SiSBP after treatment with investigational drugs at 2 weeks from baseline, the changes in SiDBP after treatment with investigational drugs at 2 and 6 weeks from baseline, the controlled SBP rate (SiSBP<140 mmHg) after 2 weeks or 6 weeks of treatment, and target BP rate (SiSBP<140 mmHg and SiDBP<90 mmHg), the changes of mean ASBP and ADBP for 24 hrs, day-time, and night-time at 6 weeks from baseline, and the changes in night-time dipping pattern assessed by ABP monitoring after treatment were presented. For safety analysis, all TEAEs were standardized by MedDRA 20.0 and analyzed by System Organ Class (SOC) and Preferred Term (PT). For subjects who experienced TEAEs, ADRs, serious TEAEs/ADRs, AEs/ADRs leading to IP discontinuation, or fatal damages from AEs/ADRs during the study, the incidence number of subjects, number of events, and the 95% confidence interval of the incidence were presented.
Results
Study Population
The participation status of the study subjects is shown in Figure 2 . A total of 668 patients underwent a screening 
Efficacy
The results of the primary efficacy endpoint, the changes in SiSBP after 2 weeks of initial standard dose treatment and followed by 4 weeks of higher-dose treatment of fimasartan, valsartan, and olmesartan are shown in Figure 3 . Compared with the olmesartan group as a reference, the difference of LS mean± SE of the fimasartan group vs olmesartan group was −1.62±2.39 mmHg, indicating that fimasartan was more effective lowering SiSBP than olmesartan, but the difference was not statistically significant (p = 0.4991) (Figure 4 ). In the results of the secondary efficacy endpoint, there was a significant decrease in the change of SiSBP in all treatment groups after 2 weeks of initial standard dose treatment compared with baseline (p<0.0001 in all three groups). The fimasartan group showed a significantly greater decrease by −4.31±1.50 mmHg than the valsartan group (p=0.0044). The fimasartan group showed a significantly greater reduction of SiDBP by a difference of −2.35±0.91 mmHg (p=0.0106) at 2 weeks and −2.23±0.96 mmHg (p=0.0211) at 6 weeks from baseline than the valsartan group. Twentyfour hours ABP profiles are demonstrated in Figure 5 , which showed that night-time ASBP difference of fimasartan is greatest between the baseline and at 6 weeks. The calculated reduction of night-time ASBP (−16.80±15.81 mmHg) in the fimasartan group was greatest than that of day-time ASBP (−14.39±14.95 mmHg) of the fimasartan group with clinical significance (p<0.0001) ( Figure 6 ). The change of ABP measurement at 6 weeks compared with baseline is demonstrated in Table 2 . The mean ASBP and ADBP data for 24 hrs, day-time, and night-time after 6 weeks of treatment compared with the baseline showed a significant decrease among all groups (p<0.0001 in all three groups). The fimasartan group showed a significantly greater decrease by a difference of −5.68±1.68 mmHg (p=0.0009) for ASBP and −2.46±0.99 mmHg (p=0.0140) for ADBP than the valsartan group. The day-time mean ASBP and ADBP after 6 weeks of treatment significantly decreased among all groups compared with baseline (p<0.0001 in all three groups). Moreover, the fimasartan group showed a significantly greater decrease in day-time ASBP by a difference of −5.22 ±1.86 mmHg (p=0.0054) than the valsartan group. The fimasartan group showed greater reduction in day-time ADBP by a difference of −2.06±1.06 mmHg (p=0.0535) than the valsartan group, but the difference was not statistically significant. The mean night-time ASBP and ADBP significantly decreased after 6 weeks of treatment compared to baseline in all groups (p<0.0001 for all three groups). In the fimasartan group, the night-time ASBP significantly decreased by a difference of −6.34±1.94 mmHg (p=0.0012) and the nighttime ADBP decreased by a difference of −3.07±1.26 mmHg (p=0.0152).
Safety
Among the 369 enrolled patients who received the investigational drugs after randomization, 61 AEs (TEAEs) occurred in 49 patients (13.28%). As the study was designed for forced up-titration to higher-dose treatment, the overall safety results are summarized in Table 3 . Based on the safety evaluation, there was no difference in the incidence rate of AEs and ADRs among the groups, and there were no unusual findings during the trial compared with previously known AEs. Although not presented in the 
Discussion
This study demonstrated the head-to-head comparison of fimasartan and valsartan to evaluate which has superior efficacy in reducing BP among mild-to-moderate Korean hypertensive patients, using olmesartan as reference. Given that fimasartan is a late runner in the class of ARBs, comparison with earlier ARBs to prove its BP-lowering effect is somewhat inevitable. Later ARBs, such as olmesartan 15, 16 and telmisartan, 5,17 also underwent a head-to-head comparison with losartan, valsartan, and irbesartan to evaluate their efficacy in the earlier days. Fimasartan had undergone several comparative studies with losartan, 8 valsartan, 9, 10, 12 and candesartan, 11 but previous studies focused on the evaluation of the BP-lowering effect of fimasartan not of its comparative efficacy with other ARBs. This study is the first fimasartan study that evaluated its comparative efficacy in lowering BP and proved its superiority over valsartan in terms of SiSBP reduction. Given that olmesartan showed superior BPlowering effect in most of the previous comparative studies, 15, 16 olmesartan was used as the reference drug. The result of primary endpoint clearly demonstrated that fimasartan 120 mg has superior efficacy in SiSBP reduction compared with valsartan 160 mg. In comparison with a previous losartan study, 8 the primary endpoint was reduction of SiDBP after 4 weeks of standard-dose treatment and followed by 4 weeks of higher-dose treatment, which was similar to the design of the present study but the dose was uptitrated in patients with SiDBP >90 mmHg after 4 weeks of standard dose treatment, not forced up-titration. The reduction of SiSBP after 8 weeks of fimasartan treatment was −17.84±12.52 mmHg, which seemed to be greater that the reduction obtained from the present study (−16.26±15.07 mmHg). The primary endpoint was also SiDBP in comparison study with candesartan 11 and the reduction of SiSBP after 8 weeks of treatment of standard-dose fimasartan was −20.4±11.6 mmHg and higher-dose fimasartan was −22.1 ±13.4 mmHg. Both previous studies 8, 11 were conducted on younger patients, a small number of patients with less male ratio, and with longer treatment period than the current study, which may be the reason why the reduction of SiSBP was larger in the previous studies than in the present study.
The ABP-lowering effect of 30 mg, 12 60 mg, and 120 mg 9 treatment of fimasartan for 8 weeks has been previously reported. Previous ABP studies compared fimasartan 30 mg and valsartan 80 mg and demonstrated comparable BP lowering in mean 24 hrs, day-time, and night-time ASBP and ADBP, similar to the results of the present study but did not demonstrated statistically significant difference. Only the fimasartan 30 mg ABP study 12 showed a similar result to this study wherein the reduction of night-time ASBP was greater than the reduction of daytime ASBP. The 60 mg and 120 mg fimasartan study did not show similar results (day-time reduction was larger than night-time reduction), because the definition of nighttime was different (10 PM to 7 AM) in both the reduced dose study and the present study (11 PM to 7 AM); result may not sufficient to compare with the other fimasartan ABP studies. Note: The baseline blood pressure showed no significant differences between the treatment groups. Abbreviations: ASBP; ambulatory systolic blood pressure, ADBP; ambulatory diastolic blood pressure.
The concept of "Perfect 24 hrs BP control", suggested by some hypertension experts, 18 indicates that the important treatment targets of BP management include not only the maintenance of the mean 24 hrs BP to <130/80 mmHg but also the maintenance of dipping pattern and reduction of morning BP surge. Maintaining adequate dipping of nocturnal BP is the second step of the perfect 24 hrs BP control, which follows the first step that is to achieve the mean 24 hrs BP level < 130/80 mmHg. Night-time ABP is now a therapeutic target for the reduction of cardiovascular risk, 19 and a Korean ABP observational study has reported that high nocturnal BP, not non-dipping pattern, is a better predictor for left ventricular hypertrophy in essential hypertension patients. 20 Finally, reducing morning BP surge <45 mmHg, the third step for the perfect BP control, is important for the prevention of cardiovascular events. 21 Recently, a study comparing the effect of valsartan and olmesartan in non-dipper hypertensive patients, 22 showed that evening administration of valsartan and olmesartan was effective for recovering dipping pattern, but the study was focused on the chronotherapeutic effects of valsartan and olmesartan and their comparative efficacy. There is still little data on comparative efficacy of night-time ABP-lowering effect among ARBs. The ABP data from this study demonstrated that the reduction in night-time ASBP in the fimasartan group was the largest even during morning administration, whereas the olmesartan group showed a larger reduction in mean day-time ASBP compared to mean night-time ASBP in this study. Considering that the reduction of night-time ABP is important for maintaining the circadian rhythm and dipping BP pattern, the result may suggest that fimasartan is effective for maintaining dipping pattern of the BP circadian rhythm. Subgroup analysis involving non-dipper hypertensive patients is need for further understanding.
Given that this study was designed for forced uptitration to higher dose, safety of the patients who participated in the study was of major concern. The AEs and ADRs reported in this study were similar in each treatment group, and the differences in the incidence of AEs and ADRs among the groups were not statistically significant. The AEs in the fimasartan, valsartan, and olmesartan groups were not unusual in comparison with the previously known adverse drug reactions. In addition, no AE or serious AE (serious TEAE) that caused death was reported, and most of the patients who experiences AEs and ADRs that resulted in discontinuation of drug administration recovered without further treatment.
Conclusion
The head-to-head comparison showed that fimasartan 120 mg had superior SiSBP-lowering effect than valsartan 160 mg. Moreover, fimasartan demonstrated a significant efficacy in reducing SiDBP compared to valsartan. In terms of ABP reduction, fimasartan showed greater reduction in mean 24 hr, day-time, and nighttime ASBP and ADBP than valsartan. The amount of ABP reduction in night-time ASBP was largest, suggesting that fimasartan is effective for the recovery of nighttime dipping pattern. On the other hand, comparisons with olmesartan showed comparable results in both office BP and ABP. In addition, there were no significant differences in the incidence of AEs and ADRs. The AEs experienced by some patients in the fimasartan, valsartan, and olmesartan groups were not unusual in comparison with the previously known ADRs. In addition, no adverse event or serious AE (serious TEAE) that caused death was reported, and most patients with AEs and ADRs that resulted in the discontinuation of drug administration recovered without further treatment.
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